Intellectual capital (IC) is considered to be a main driver of organizational success in the knowledge economy. This study examines the impacts of three IC components, including human capital (HC), structural capital (SC), and relational capital (RC), on technological innovation and firm performance. Data are collected from 1112 manufacturing listed companies in China during 2013-17. Using partial least squares structural equation modeling (PLS-SEM), the results show that HC and SC exert a positive impact on firm performance while RC has a negative impact; SC has a positive influence on technological innovation while HC has a negative influence; technological innovation can enhance the firm's performance. In addition, technological innovation partially mediates the relationship between SC and firm performance. This study will bridge the gap in research by investigating the impacts of IC components on technological innovation and firm performance in developing countries.
Introduction
Intellectual capital (IC), which is related to creating value for companies, can bring competitive advantage and superior performance to companies in the knowledge economy [1] [2] [3] [4] [5] [6] . IC is also considered an added value to physical and financial assets [7] .
Some researchers [8] [9] [10] have asserted that manufacturing firms can improve their performance and productivity through technological innovation. Technological innovation determines a firm's performance and its survival or extinction [11] . Trott [12] also stated that innovation is an engine of growth. Manufacturing companies may implement the product differentiation strategy by product innovation and reduce manufacturing costs and shorten production cycle by process innovation.
In 2015, "Made in China 2025" strategy aimed to steer China to transform industrial structure in manufacturing industry. Nowadays, facing great pressures such as rising labor costs and low energy efficiency, manufacturing companies are seeking new ways to maintain competitive advantage [13] . Manufacturing companies are more inclined to frequent technological innovation [14] . From the China Statistical Yearbook on Science and Technology, Figure 1 shows that research and development (R&D) expenditures increased from 795.98 billion yuan in 2013 to 1162.47 billion yuan in 2017 in China's manufacturing sector. IC, a new type of capital, can provide manufacturing companies with new innovative ideas and thoughts. 
For manufacturing companies, does IC affect their technological innovation and performance?
What is the function of technological innovation in the relation between IC and firm performance? This study attempts to address the two questions.
We modify the Value Added Intellectual Coefficient (VAIC TM ) model proposed by Pulic [15] as the measurement of IC. This study divides IC into three components: human capital (HC), structural capital (SC), and relational capital (RC). According to the resource-based view (RBV) [16, 17] , the conceptual framework was shown in Figure 2 . The RBV addresses the issue on how to acquire and exploit distinct resources to achieve competitive performance of an organization. The conceptual framework indicates three components of IC that influence both technological innovation and firm performance. Moreover, whether technological innovation has the mediating role is also examined in this framework. In this study, the partial least squares structural equation modeling (PLS-SEM) is applied to test these relationships. The study's contributions are presented in three ways. First, the contribution of IC to organizational success in developing economies has been largely focused on by researchers in recent years. Our study fills the gap by determining the impacts of different IC components on the performance of China's manufacturing listed companies because China, the largest developing country, is experiencing great economic transformation. Second, current literature on measuring the contributions of IC to innovation and in-depth studies of IC components and innovation [18] are lacking. Verbano and Crema [19] reiterated that it is important to examine how IC components influence innovation and performance.
The relationship between IC and technological innovation has become an interesting topic for both academia and industry. This study attempts to explain the causal nexus between IC and technological innovation. This study also investigates the mediating effect of technological innovation on the relation between IC components and firm performance. Finally, this study can guide managers of manufacturing companies how to combine IC resources with technological innovation to maintain superior firm performance.
The current study is organized as follows. Literature review and research hypotheses are presented in Section 2. Section 3 focuses on the research methodology, and Section 4 presents the empirical results. Section 5 discusses the empirical results. Finally, conclusions are provided in Section 6.
Literature Review and Hypotheses Development

IC and Its Components
As early as 1836, IC was simply defined as the sum of individual knowledge and skills. Subsequently, IC was completely defined by Stewart [20] as the synthesis of an individual's knowledge and capabilities that can bring competitive advantage to a firm. Although his definition of IC is widely accepted by scholars in the world, there is still no uniform definition of IC [21] [22] [23] .
Although different names are used to address IC components, it is generally believed that IC comprises HC, SC, and RC [24] [25] [26] . HC is correlated with employees' knowledge, skills, satisfaction, and motivation [24, 27, 28] . HC is a fundamental asset in an organization [29, 30] . HC also includes the competence and knowledge that the cooperation of employees or divisions has brought up [31] . The appropriate development of employees' capabilities can produce better results in organizational performance [32] . SC, the capturing of HC, refers to the knowledge that belongs to an organization after employees go home. It comprises organizational structures, procedures, processes, administrative programs, and culture [18, 27, 28, 33, 34] . SC builds the infrastructure that HC needs to create value. It is retained in the organization even if all employees leave [35] .
RC deals with the relationships of associates of an organization and their loyalty to a company as well as the relationships with external groups [21, 27, 28, 36] . Customer relationships are considered the most important type of RC [33] . In some studies, customer capital is used instead of RC as one of three sub-components [37] .
IC and Firm Performance
A majority of literature has explored the impacts of different IC components on the business performance at firm-level. For example, a study by Ting and Lean [38] showed that IC components (physical capital, HC, and SC) are significantly associated with the profitability of Malaysian financial institutions. Zangoueinezhad and Moshabaki [39] confirmed that SC can enable firms to improve the quality of both products and processes with minimum cost, which leads to business success. Barkat et al. [3] argued that all IC components have positive direct and indirect impacts on the performance of textile companies in Pakistan, except for SC. Analyzing the data of financial institutions in Pakistan, Haris et al. [40] documented that HC exhibits a positive impact on bank profitability while SC has a negative impact. Nadeem et al. [41] , using an adjusted-VAIC TM model, found that IC and its components (human, innovation and physical capitals) positively influence firm performance. Xu and Li [42] determined the impact of IC on firm performance in the context of China's manufacturing small and medium-sized enterprises (SMEs). They found that HC, SC, and RC positively affect corporate profitability. Using the VAIC TM model and modified VAIC TM model, Xu and Wang [5] documented that HC, SC, and RC positively affect the profitability of textile companies in two emerging countries (i.e., China and South Korea). The findings of Xu and Wang [6] showed that HC has a significant and positive impact on the profitability of Chinese agricultural listed companies. Therefore, we come to the following set of hypotheses:
Hypothesis 1a (H1a). A positive relationship exists between HC and firm performance.
Hypothesis 1b (H1b). A positive relationship exists between SC and firm performance.
Hypothesis 1c (H1c). A positive relationship exists between RC and firm performance.
IC and Technological Innovation
IC is regarded as a driving source for innovation [14, 43, 44] . The findings of Hsu and Fang [45] suggested that IC positively affects enterprise innovation through organizational learning.
Regarding IC components, HC is the precondition and guarantee for firm's technological innovation [46] . Employees' ability and quality are closely related to firm's HC structure. Employees' continuous learning can quickly convert organizational knowledge into business value, and enable firms to develop competitive behaviors, which is conducive to technological innovation. The process of technological innovation requires continuous learning of new knowledge and technologies. This process is also the accumulation of HC stock. Rhyne et al. [47] found that the characteristics of executives (e.g., knowledge, experience and skills) significantly affect a firm's technological innovation, while the number of technicians and executives is positively correlated with innovation performance of new product. Park et al. [48] found that skills and behaviors of employees are positively related to ambidextrous technological innovation. However, Duodu and Rowlinson [49] argued that there is no direct link between HC and innovation in construction firms in Hong Kong. Therefore, the second hypothesis is proposed as follows:
Hypothesis 2a (H2a). A positive relationship exists between HC and technological innovation.
SC provides the environment and conditions for employees to learn knowledge and skills and stimulate their enthusiasm for innovation. Corporate culture can enable enterprises to formulate innovation strategies, which can positively affect the process of technology innovation [50, 51] . The knowledge and experiences can promote firm's innovation because firms generally utilize them to generate new products or services [52] . Most findings [53] [54] [55] [56] [57] suggested SC positively affect innovation performance. However, Zhang and Lv [14] found the relation between SC and technological innovation is insignificant in Chinese high-technology manufacturing firms. Therefore, we formulate the following hypothesis:
Hypothesis 2b (H2b). A positive relationship exists between SC and technological innovation.
The acquisition and analysis of knowledge and information can make companies get technological innovation. Through RC, organizations can obtain more innovative ideas by learning from other experiences [3, 58] and sharing knowledge and information with their vendors, suppliers, and consumers. Internal RC can strengthen the connections between internal members, contribute to knowledge sharing and transformation, and optimize the SC. Technological innovation activities need the effective cooperation of various departments, and good RC can reduce the resistance in the process of technological innovation [44, 59, 60] . In addition, external RC can provide a new way for companies to search for new knowledge and enrich the company's internal resources [61] . Verbano and Crema [19] found that relations with external partners can help SMEs to achieve radical technology innovation performance. Companies should focus more on RC to improve consumers' acceptance of their new products. Therefore, we formulate the following hypothesis:
Hypothesis 2c (H2c). A positive relationship exists between RC and technological innovation.
Technological Innovation and Firm Performance
Companies with high technological innovation capability can achieve substantial performance [62] [63] [64] . Organizations with high levels of innovation tend to improve their performance faster than those without innovative activities [65] . For SMEs in food machinery industry, Bigliardi [66] confirmed that firms' financial performance improves with the increase in innovation level. The findings of Bockova and Zizlavsky [67] showed that companies invest more into innovation tend to yield stronger financial performance in Czech manufacturing industry. Taking intangible assets as innovation proxy, Bistrova et al. [68] suggested that companies that have higher innovation potential can generate higher profits. Jancenelle et al. [69] examined the relation between corporate entrepreneurship and market performance and concluded that some aspects of innovativeness positively impact market performance. The findings of Ho et al. [70] also showed that a firm's innovation capability significantly contributes to its financial performance in agricultural value chain in Vietnam, an emerging economy. Lee et al. [71] argued that organizational innovation has a direct and positive impact on the performance of low-tech firms in South Korea. Ramadani et al. [72] also provided evidence of a positive link from innovation activities to firm performance in transition economies. Wang [73] , taking SMEs as the sample, found that innovativeness is positively related to firm performance. Accordingly, our third hypothesis is stated as follows:
Hypothesis 3 (H3).
A positive relationship exists between technological innovation and firm performance.
The Mediating Effect of Technological Innovation
IC, together with physical capital, is the driver of enterprise performance. Meanwhile, IC constitutes the basis of technological innovation. If high-tech enterprises lose the advantage of technological innovation ability, their products or services will eventually be eliminated by the market.
Among IC components, HC with diverse knowledge, ideas, and skills are related to the development of product innovation. For instance, Donate et al. [74] argued that HC is the foundation of innovation capability and it takes several years to develop HC resources. If an organization pays less attention to HC, its innovation capability will be largely affected [3] . Good working environment can help organizations to reduce working hours and information exchange platforms can encourage employees to share their opinions associated with organizational targets. Such structural assets can promote prevailing knowledge and affect innovation capability. Organizations that have well-organized SC will support their innovative activities. If a firm has a close customer relationship, it will result in the enhanced progress of innovation [3] . SC and RC can guarantee the realization of technological innovation and corporate performance from inside and outside.
In the context of Pakistan, Barkat et al. [3] found that mediating role of innovation plays in the relationships between HC and firm performance and between RC and firm performance. For SMEs, McDowell et al. [75] suggested that innovativeness mediates the link from human and organizational capital to small firm's performance. Therefore, we propose the following set of hypotheses:
Hypothesis 4a (H4a). Technological innovation mediates the relationship between HC and firm performance.
Hypothesis 4b (H4b). Technological innovation mediates the relationship between SC and firm performance.
Hypothesis 4c (H4c). Technological innovation mediates the relationship between RC and firm performance.
Methodology
Sample Collection
The sample comprises manufacturing companies listed on the Shanghai and Shenzhen stock exchanges during 2013-2017. After 2012, Chinese listed companies are required to disclose the information about R&D expenditure in the financial reports. After removing companies with missing information, companies listed after the year 2013, companies without R&D investment for five consecutive years, companies issuing other kinds of shares, and special treatment (ST) companies [76, 77] , 5560 observations for 1112 manufacturing listed companies are left for estimation in the present study. Financial data are retrieved from the RESSET database [78] .
Variable Measurement
For the dependent variable, firm performance is measured with return on assets (ROA), consistent with previous literature [1, 5, 6, 22, 23, 30, 41, 42, 79] . ROA measures how efficiently a firm utilizes and manages its assets to produce profits during a certain period. The calculation formula is as follows: ROA = Net income/Average total assets (1)
Pulic [15] 's VAIC TM model, a widely accepted and popular IC measurement method, is easy to calculate using data retrieved from the audited financial reports, which provides a standardized measure [80] . In addition, this model allows comparison among organizations [81] . However, this model also has some limitations. Ståhle et al. [82] argued that this model does not deal with IC because it only signifies the efficiency of the workforce and capital investment of a firm. In addition, there is an incomplete measurement of SC. Guided by previous literature [5, 42, 55, 56, 79] , Pulic [15] VAIC TM model is modified to measure IC by adding one variable, RC. This measure is designed to indicate IC efficiency of a company. Companies with high IC value can better utilize physical assets and IC to create potential value [83] . The calculation procedures are as follows: In the new Chinese Accounting Standards, three types of expenses (i.e., administrative expenses, selling expenses, and interest expenses) are reported in the income statement. Selling expenses include such things as advertising costs, exhibition expenses, sales commissions, and shipping charges. In this study, we use selling expenses to measure RC.
For the mediating variable, scholars generally use four primary indicators to measure technological innovation: (1) R&D expenditure [84, 85] , (2) patent counts [86] , (3) statistics on new product introduction [87] , and (4) innovation survey data [14] . In this study, the log of R&D expenditure (RD) is used to measure technological innovation.
We also use firm size (SIZE), debt ratio (LEV), sales growth rate (SALES), and year (YEAR) as control variables. SIZE is the natural logarithm of total assets. LEV is the ratio of total liabilities to total assets. SALES is the growth rate of sales revenue of a company's products or services, typically from year to year. YEAR is a dummy variable that takes 1 for the test year and 0 otherwise. Moreover, we winsorized all continuous variables used in this study at 1% and 99% for reducing the potential bias caused by spurious values [88] . Finally, descriptive statistics of the sample are demonstrated in Table 1 . The mean value of ROA is 0.0641 with maximum value of 0.2928 and minimum value of −0.1954, suggesting that the level of firm's profitability varies among manufacturing companies. The mean value of HCE (3.6388) is greater than the mean value of SCE (0.6688) and RCE (0.1806), which indicates that human resources are the driving force of value creation in manufacturing companies. This is consistent with Bayraktaroglu et al. [30] who collected data from Turkish manufacturing firms and Phusavat et al. [89] who chose leading manufacturing firms in Thailand as the sample. RD, the mediating variable, has the mean value of 17.8975. In addition, the mean values of SIZE, LEV, and SALES are 22.0394, 0.3904, and 0.1490, respectively.
Empirical Results
The PLS-SEM is applied to analyze the sample. It not only can cope with variables with multivariate measurements, but also can well measure a model that uses single-item constructs [90] . Therefore, we believe that it is a suitable statistical approach in this study. Further, the results of correlation analysis are shown in Table 2 . Table 3 and Figure 3 show the results of path analyses and mediation analyses. 
Model Fit
The standardized root mean square residual (SRMR) and the explained variance R 2 indicate that the overall quality of the research model hold a good fit. First, the SRMR of our model is 0.000, which is greatly less than 0.1, indicating the data analyses provides shows adequate overall model fit evaluate goodness of saturated model fit [91] . In addition, the explained variance R 2 values of the RD and ROA are 0.291 and 0.471, respectively, which suggests that this current research model has good explanatory power [92, 93] . Finally, the correlation relationships among both independent and dependent variables were determined, and Table 2 shows the discriminant validity of all construct. Overall, our research model holds a good model fit for further analysis. 
Direct Effect
The direct relationships among IC, RD, and ROA are investigated and shown in Table 3 . H1a is supported, because the path coefficient of HCE on ROA is positive and significant (β = 0.318, p < 0.001). H1b is also accepted at the 1% significant level (β = 0.150, p < 0.01), which indicates that SCE positively affects ROA. However, H1c is observed to be rejected, since the results of path analyses show the impact of RCE on ROA is negative and significant (β = −0.095, p < 0.001).
Further, the direct relationships of HC, SC, RC, and technological innovation also are quantified. The result with respect to H2a shows that HCE negatively and significantly affects (β = −0.107, p < 0.001), which suggests H2a is rejected. In contrast, there is a significant and positive relation between SCE and RD (β = 0.059, p < 0.001), thus H2b is found to be supported. H2c is not accepted, because the path coefficient of RCE on RD is negative and insignificant (β = 0.005, p = 0.634).
Finally, H3 is found to be fully supported. The results of the path analyses show the direct effect of RD on ROA is positive and significant (β = 0.178, p < 0.001).
Mediation Analyses
Following with the guidelines of Preacher and Kelley [94] , which allows us to measure the size of mediation effect, Figure 3 indicates that technological innovation merely plays a mediating role in the relationship between SC and firm performance. First, because the relationship between SCE and RD is negative and significant, thus H4a is rejected. Second, H4c, which predicts that technological innovation mediates the relationship between RC and firm performance, is also found to be rejected due to the insignificant relationship between RCE and RD. Third, H4b is found to be supported. As shown in Figure 3 , SC exhibits significant direct positive effect on technological innovation (path a) and technological innovation also has a positive and significant relationship with firm performance (path b). In addition, the results indicate that the indirect relationship between SC and firm performance (path c') is significant and positive (β = 0.011, p < 0.001) and the total effect of SC on firm performance (path c) is also found to be positive and significant (β = 0.161, p < 0.001). Finally, the Kappa-squared (K 2 ), as an index of mediation effect size, was calculated by the recommended procedure of Preacher and Kelley [94] and the results shown the K 2 is 0.028, suggesting that technological innovation plays a mediating role in the link from SC to firm performance [92, 93] . Overall, we found that technological innovation partially mediates the positive link from SC to firm performance.
Robustness Check
In this study, we also use return on equity (ROE) instead of ROA as another indicator to re-measure firm performance. As shown in Table 4 and Figure 4 , the empirical results remain materially unchanged, which indicates that our conclusion is robust. In addition, we also examined the relationship between one-year lagged variables and ROA. The results are shown in Table 5 and Figure 5 , which are also in line with our previous results. 
Discussion
The study aims to investigate the relationships among IC, technological innovation and firm performance in China's manufacturing sector by conducting a panel dataset over the period 2013-2017. The following arguments on this relationship are put forward through the analysis of empirical findings.
HC is found to have a positive impact on ROA, supporting H1a. Developing human assets is important for business success especially in the competitive market environment [3] . This is in line with the findings of Xu and Li [42] , Phusavat et al. [89] , Felício et al. [95] , and Andreeva and Garanina [96] .
SC exhibits a positive and significant impact on firm performance. Therefore, H1b is fully accepted. This suggests that investment in non-physical capital (e.g., systems and procedures) can generate high profitability for Chinese manufacturing listed companies, inconsistent with Ting and Lean [38] , Haris et al. [40] , Andreeva and Garanina [96] , Mondal and Ghosh [97] , and Tran and Vo [98] . During the economic transformation, Chinese manufacturing listed companies have realized the important role of SC in generating superior performance.
Empirical results show a non-significant relationship between RC and ROA, rejecting H1c. This is similar to the prior studies of Nimtrakoon [79] and Tripathy et al. [99] . However, Xu and Wang [5] argued that RC has a positive impact on textile company's profitability in China. Xu and Wang [100] found that RC is the most influential contributor to firm performance in Korean manufacturing industry. In fact, social networks (i.e., guanxi) that play a crucial role are deeply rooted in the traditional Chinese cultural [101, 102] .
Opposite to H2a, the negative impact of HCE on RD confirms that human redundancy cannot lead to higher technological innovation capability. This suggests that manufacturing companies do not pay much attention to the accumulation of employees with professional and technical talents that play a crucial role in R&D activities. However, Martín-de Castro et al. [103] argued that human resources can improve product innovation. SCE positively influences firm's technological innovation, which supports our H2b. It turns out that database and institutionalized knowledge stored in a company can promote its technological innovation [14] . In addition, an innovation culture can enable employees to communicate their opinions openly, which provides employees some opportunities to participate in decision making [104] . Prajogo and Ahmed [105] suggested that a good environment for supporting innovation should be created and maintained within firms.
RCE has no impact on technological innovation, rejecting H2c. Contrary to Subramaniam and Youndt [18] and O'Reilly and Tushman [106] , they concluded that powerful social networks are important for a firm to pursue technological innovation.
Technological innovation has a significantly positive effect on ROA, which implies that manufacturing companies are utilizing such technological innovation to make them competitive. This is in line with the findings of a large body of literature (e.g., [73, 85, [107] [108] [109] [110] ).
Technological innovation partially mediates the relationship between SC and firm performance. On one hand, SC can directly affect ROA. On the other hand, SC has an indirect effect on ROA in the process of innovation. However, contrary to the textile industry in Pakistan, Barkat et al. [3] concluded that innovation has the mediating role between IC components (i.e., HC, RC, and technological capital) and organizational performance. In addition, the mediating role of technology innovation between HC and RC and ROA does not exist.
Conclusions
This study is to investigate the effects of three IC components (i.e., HC, SC, and RC) on technological innovation and the performance of manufacturing industry in China. In this regard, the research hypotheses are developed and tested through PLS-SEM. The main conclusions can be summarized as follows:
(1) HC and SC exert a significant and positive impact on the performance of Chinese manufacturing companies, whereas RC has a negative impact on firm performance.
(2) HC negatively affects firm's technological innovation while SC positively impacts it. The relationship between RC and technological innovation is not significant.
(3) Technological innovation can enhance the performance of manufacturing listed companies in China.
(4) A partial mediating effect occurs from technological innovation in the relationship between SC and firm performance.
This study provides the following implications for managers of manufacturing listed companies with respect to IC allocation and technological innovation that can improve firm performance:
(1) Chinese manufacturing companies should emphasize the role of HC and invest more in human resources to improve employees' skills, competence, motivation, and experience by continuous learning. Employees also should be encouraged to transfer their experiences and knowledge to others [111] .
(2) Chinese manufacturing companies should develop their SC by having a clear knowledge strategy, implementing information systems and tools, training employees, and other human resources practices. In addition, they should create good corporate culture to encourage their employees to make innovations.
(3) Corporate managers should also keep good connections with their suppliers and customers to build good image and gain customers' loyalty. Meanwhile, they should construct technological innovation networks through their social networks.
(4) Chinese manufacturing companies should make more investment in innovation activities and implement agile innovation management [112] in order to maintain high levels of innovative capability and improve their competitive advantage in the fierce market. Corporate R&D division should transform the input management into the out management by utilizing IC resources in a more positive way [113] .
This study has some limitations. Firstly, this study focuses only on manufacturing sector in China. One direction for further research is to include other industries with different investment environments. Secondly, different types of technological innovation (e.g., product innovation and process innovation) should be taken into account. These will be included in further studies.
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